Abstract: Various carbon and boron compounds bearing a 1,8-disubstituted anthracene skeleton were synthesized and characterized by X-ray analysis. They showed three types of structures based on the kinds of substituents. The first one is symmetrical and is a loose pentacoordinate structure, which has the sp2 carbon or boron atom and the two weak apical interactions. The next one is an unsymmetrical tetracoordinate structure, which has the sp3 central atom. The last one is symmetrical and is a tight pentacoordinate structure, which resulted from the special feature of the fluorine substituents on the boron. The existence of hypervalent interaction was proved by the Atoms In Molecules Theory, experimental electron distribution analysis and a comparison among the structures of tight and loose pentacoordinate species. The synthesis and structures of hypervalent carbon compounds with a 2,6-bis(aryloxymethyl)benzene ligand are also discussed.
anthracene ligand (Scheme 1). Here we summarize our recent research, especially on the structures of the carbon and the corresponding boron compounds with several newly synthesized tridentate ligands. The bonding nature between the central carbon (or boron) and the two coordinating atoms is elucidated and discussed based on the several X-ray structures with several different substituents, theoretical DFT calculations, and the accurate experimental X-ray electron-density distribution analysis.
Syntheses of Ligand Precursors Bearing the Anthracene Skeleton and the Corresponding Carbon and Boron Compounds
The synthesis of ligand precursors, 1,8-dimethoxy-9-trifluoromethanesulfonyloxyanthracene (3) and 9-bromo-1,8-dimethoxyanthracene (4) , is illustrated in Scheme 1. The introduction of a carbon atom at the 9-position was successful from 1,8-dimethoxy-9-trifluoromethanesulfonyloxyanthracene (3) by Pd-catalyzed CO insertion with DMSO as a solvent and Pd(PPh3)4 as a catalyst in 52% yield.14a The expected cation (1) could be prepared by treatment of the ester (5) with excess Me3O+BF4-. However, for introduction of a boron atom, 9-bromoanthracene precursor (4) had to be synthesized.14b 9-Bromo-1,8-dimethoxyanthracene 4 was synthesized by a selective C-O bond cleavage reaction from 9-trifluoroacetoxy compound (6) as a key step (Scheme 1). Initially, several reduction conditions were examined for 9-phosphatel4b with a couple of one electron-reducing reagents (K/NH3, lithium naphthalenide, etc.). The reduction of the phosphate under K/NH3 (Birch reduction condition) gave a 9-protonated product, which should be generated by the reaction of the 9-potassium derivative with ammonia. To prevent the trapping of a proton, THE was chosen as an aprotic solvent, and the reduction of the phosphate was car- Table  2 , and the numbering of atoms in 2 and 7 is shown in Figure  3 . 2733 for 2d, 20-24 for 2e and 2225 for 2f). Such insensitivity of NMR chemical shifts to the structural difference has never been observed in common hypervalent main group element compounds. The boron compounds can be classified to three types of structures based on the difference in B-O distances, that is, loose pentacoordinate boron compounds (two relatively long similar B-O lengths, 2a-2d), tight pentacoordinate boron compound (two relatively short similar B-O lengths, 2e) and tetracoordinate boron compounds (two very different B-O lengths, 2f, 7a-7c). In loose pentacoordinate boron compounds (2a-2d), the B-O distances were similar to the 1,9-peri-distance (2.46(2) A)26 of nonsubstituted anthracene and the O-(B)-O distance was slightly longer than the distance between the two oxygen atoms of 1,8-dimethoxyanthracene [4.752(3) A. The distances indicate that the B-O interaction was relatively weak. In tight pentacoordinate boron compound 2e, the B-O distances were clearly shorter than that of the loose one and the O-(B)-O distance (4.59A) was shorter than the distance [4.752(3) A] between the two oxygen atoms of 1,8-dimethoxyanthracene.
These apparently short B-O distances of 2e may prove that the B-O hypervalent interaction of 2e is strengthened from the loose pentacoordinate species and the hypervalent interaction really exists. In tetracoordinate boron compounds (2f, 7a-7c), the shorter B-O (or N) lengths were similar to the sum of the covalent radii,12 on the other hand, the longer B-O (or N) lengths were slightly shorter than the sum of van der Waals radii or close to the sum. These distances indicate that one of the two OMe (or NMe2) groups interacted strongly with the central boron atom, and the other one interacted very weakly with the central boron atom or did not interact at all. Based on the classification by bond lengths and configuration of the central boron atom, our carbon compounds 1 (cationic species) and 11 (anionic species) were classified as a loose pentacoordinate group and a tetracoordinate group, respectively.
The apparent difference between the oxygen-donating skeleton and the nitrogen-donating one is probably due to the stronger stabilizing energy by the formation of one B-N bond in comparison with that of one B-O bond. Hence, the large stabilizing energy of the B-N bond overrides the destabilizing energy by the formation of the strained five-mem- The difference among the substituents on the boron, namely OMe (2d), F (2e), and Cl (2f in the oxygen-donating ligand, can be explained by a similar delicate balance between the stabilizing energy by the formation of two relatively weak B-O bonds and the stabilizing energy by the formation of one strong B-O bond and the destabilizing energy by pyramidalization. It has been well established by several different experimental methods that the Lewis acidities of the boron trihalides are in the order of BF3 < BC13 < BBr3.29 This order is unexpected in view of the decrease in electronegativity from F to Cl to Br, which predicts a decreasing positive charge density on the boron in the order of BF3>BCl3> BBr3. In addition, theoretical calculation supported the experimental trend of the charge density of the central boron atom.3° The generally accepted explanation for the anomalous order of Lewis acidity is based on the strong backdonation of electrons from one of the lone pairs (2p orbital) of the fluorine atom to the vacant 2p, orbital of the boron atom, which leads to some double-bond character for the 
